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Abstract 
At present the New Zealand populations of Little Blue Pengu ins (LBP: Eudyptula 
minor) are classified as 'Threatened' and in ' Gradual Decline' by the Department of 
Conservation. Effective conservation management of the 01th Island sub-species 
requires an understanding of the facto rs affecting their survival and breeding success. 
There is litt le information on the breeding ecology of the E. minor , especially in the 
North Island of New Zealand. The overa ll goal of this study was to estab li sh baseline 
data on a North Island population of LBP in ew Zealand. The ai ms of this study were 
to 1) identify population demographics, 2) quantify breeding success and identify 
ab iotic and biotic parameters influencing nesting success, 3) identify feeding ecology 
based on diet and trophic level assessment, and 4) identify cause of death and 
underly ing patterns associated with mass mortal ities of the LBP species. Breeding 
success was quantified by monitoring the nesting acti vity of 87 nesting attempts during 
the 2005/06 breeding season. Nest monitoring also involved identifying risks assoc iated 
with both the egg and chick stage. Diet ana lysis involved comparing stomach 
regurgitation samples and isotope samples of feathers spanning a I 20 year period. The 
cause of death for the mass occurrence of beach wrecked birds found during 2005/06 
was established through necropsies and histo logical tests. The major cause of death was 
compared to patterns of past beach wreck events that has occurred in New Zealand over 
a 33 year period, obtained through the Ornithological Society of ew Zealand. Where 
poss ible, both short- and long-term compari sons were made to establish a sound 
understanding of the key factors that are influencing breeding success, foraging, and 
survival. 
Results showed that 2005/06 was a poor breeding year which was the result of a large 
number of nest desertions. Furthem1ore, analys is of stable isotopes shows that the LBP 
V 
have been feeding at low trophic levels over the past 120 years and that 2005 was 
signi ticantly lower in carbon levels suggesting a low year of marine productivity. The 
largest cause of death associated with mass beach wrecks was starvation. Analysis of 
past beach wrecks suggest that during the year LBP are at a greater risk of death after 
the breeding season, after moult, and during winter which arc energetically expensive 
periods. A more long-tem1 study is required to identify the trends in LBP breeding 
success and to ascct1ain the primary reason as to why they are unable to obtain enough 
1·ood. Seabirds arc increasingly being used as biological indicators since they are largely 
influenced by changes associated with the marine environment. The use of LBJ' as 
biological indicators may have limitations depending on the parameters being used. 
l lowcvcr stable isotope measures may be one of the easiest methods to achieve this and 




Firstly, r would like to thank my supervisor Dianne 
Brunton who initially introduced me to the idea of 
studying Little Blue Penguins and fo r whom l 
deeply respect. As a student I was fortunate to 
receive superv1s1on by someone that would 
encourage individual thinking and allow me to 
investigate and research new ideas. Dianne 
encouraged me to apply these ideas and consistently showed en thusiasm towards my 
thesis. l am gratefu l to be included into a group that supports a positive work ing 
environment and a co-operative approach to sc ience. 
In the beguin ni ng there were many people that helped me with learning new 
skill s and techniques. These techniques included specia li st train ing such as oto lith 
ana lys is and stomach sample analys is, necropsy procedure , applyi ng the stomach 
pumping method and stable isotope analys is. For th is i am in debt to Lorra linc Mcyncr 
(Massey Uni versity, Palmerston) , Richard Jacob-Hoff (Auckland Zoo) and Nigel 
Adams (Auckland University of Technology) and Sarah Bury ( IW A) since each 
analysis took patience and personal time. l am also thankful to Brian Gill and Ramola 
Prasad from Auckland Museum for allowing me to access and sample museum 
spec imens. A big thank you goes to Brett Gartrell and his team of pathologists who 
were able to provide hi stology tests. 
l would also li ke to thank the National [nstitute of Water and Atmospheric 
Science for providing the weather data for analysis of the morta lities over time. 
Vil 
Furthermore I would like to acknowledge the A. W .C at M assey University and Leon 
Huynen fo r the gender analys is of the fea thers. I a lso appreciate and acknowledge the 
he lp received through Jo Evans from Auckland Uni versity, at Leigh Marine Laboratory 
fo r providing the sea surface data and also Heath All en from Ag Research who 
identified paras ite spec imens. 
Apart from findin g people with the ra re skills to as ist w ith my research, one of 
the hardest parts of creating thi s thes is was the time spent in the fi eld gatherin g the 
initi a l data. To ease thi s burden 1 had severa l co ll egues and fri ends that ass isted with 
edi ting chapters, analys is, and ass istance w ith in the fi e ld or prov ided a we ll deserved 
drink and laughter after a long day. Therefore, to all the people that were enthusiastic 
and pos iti ve about my proj ect and helped to re li eve fru stra ti ons within the fi e ld or lab, a 
huge thank you as it meant a lot: Lui s Ortiz Catedra l, Rose Thoroughgood, Kev in 
Parker, Monique Van Rensburg, Mary Ge urts, Rosemary Barrowc lough, Mark 
Seabrook-Dav ison and Michae l Anderson. A ve ry spec ial thank you to Marl een Baling 
who gave me hours of her time to proof read a ll the fin al chapters and set up my very 
own template. Together Marl een and Michae l A nderson helped me put it a ll together 
during earl y hours of the morning. A tip to fe llow students do not aim to bind a 250 
page thes is at 2.30am after 3 days of no sleep as it j ust creates furth er fru strati on. 1 owe 
thanks to Ray and Barbara fo r making sure that 1 returned each ni ght and was still a li ve 
the next day. Laste ly, l would like to recogni se the rest of the Ecology and Conservation 
Group which I have loved spending time w ith a ttending confe rences, lab meetings (and 
parti es) or just having lunch w ith . I have va lued your friend ship, your support fo r my 
research, your va lued opinions and glasses of bubbly provided over the pas t year. A 
special acknowledgment to Laurie Porima who worked w ith me to create a proverb that 
VIII 
signifies the special link that l understand to exist between the Lillie Blue Penguin with 
the land and the sea but also the need and want to understand this. 
Finally. mum and dad. thank you f<)r all your support. belie[ enthusiasm. and 
encouragement during the five years of study it has meant a lot and has really helped me 
achieve this large final monstrosity of a thesis. 
This project was supported (in part) hy funds from the PAD! Foundation 
and the Supporters of Tiritiri Matangi Island which allowed me to take on the new 
endeavour of isotope sampling. 
IX 
Table of Contents 
ABSTRACT ........... ............. ...................... ... ....... ............... . ...... . ................. ............ V 
AC KNOWLEDGEMENTS ................................................................ .................. . .... VII 
LIST OF PLATES ........................... .... . .................. ........... ... .......... . ... . ... .... .. .. .. .. ... XIII 
LIST OF FIGURES . .... .... . ..... . ...... . ........ .... ...... ..... .. ......... . .... ...... ............................ X IV 
LIST OFT ABLES .. ..... ... ...... ... ... . ....................................................................... . .. . XVI 
C HAPTER I GENERAL OVERVIE\V ............................................................................................... t 
1.1 A BSTRACT .. .. ... ............ ... .. .. ... ..... ... ... ...... .. .. ... .. .... ... ... ...... ... ..... .. ................... ........... ....... .... ... .... 2 
1.2 INTRODUCTION ... ...... ......... .. ... .. ...................................... ... ....... ... ...... .... ... ....... ... ... .... .......... ... . 3 
1.2. I General Overview ... ... ... ... .. .......... .... ...... ..................................... .. ... .. ............ .... .. ..... .. . .... . 3 
1.2.2 Status of Penguin Species..... .. ... ... .. .... ...................... .............. ...... ... ... ........ . ... .... ... .. .. 4 
1.2.3 L[le Chronolog,· .. .. ........ .... ...... .. .. ............. . .. ..... ... .......... ... .......... . .. 7 
1.2.4 Biolog,· .. . ..... .... ...... .. ..... .. ........... ... ... ..... .. ........... ..... .... ....... ....... . ..... ....... . 7 
1.2. 5 Breeding Eco!ogi· ..... ... ... .. ... .. .... ....... ... ...... ...... .... ....... ...... ........... .. ....... ........... ...... .............. 8 
1.2.6 Feeding Ecologi· ...... ..... ............ ............. ... ............... ...... ..... ..... ..... ... .. ..... ........... .... ..... ........ . 9 
I. 2. 7 Threa/s.... ......................... . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . ... ... .. . ... . . . . . ... .... ... ... . .... .... ..... .... .... .. ........ I 0 
1.2.8 
1.3 
Significance of this Stuc~, · .. ............... . ........... .... ....... .... ..... ....... ... . ... ... ........ ..... .... .......... ... 12 
T HESIS A IMS AND OBJECTIVES .. ..... ... .. .. .. .. . ... ... .. .. ........................................... ... ... ... .. .. . ... .. ...... 14 
C HAPTE R 2 BREEDI NG ECO LOGY OF LITTLE BLUE PENGUI NS ...................................... 17 
2.1 
2.2 
A BSTRACT ...... ...... ..................... ........... ........................................ ....... .. .. ..... ....... .... ..... ... .. ... ... 18 




Breeding in Liule Blue Pe11g11i11 .... ..... ..... .... ...... ................................. ... ..... ....... .. .. ...... ..... 20 
Significance of Current Studr ... .... ...... ...... ...... .......... .. .................... ... .. .... ..... .......... . 22 
A IMS ........................ ........ ............. .... .. .. . .. ... .. .. ...... . .. ... ... . ... . . . . ... ... . .. .................. ..... . ..... ....... .. . .... . 23 
2.4 
2.4. / 
M ETHODS .......... .......... ... ........... ....... ... .. ...... ...... ..... ... .. ... ........ ... ... ...... .. ... ... ......... ....... .. ... ........ 24 
St11c~, , Site................... .. . . ......... .... .. . .. ....... . .. .. 24 
2.4 .1.1 Sampling Arca 





Locat ing Nests 
Nest Types ..... ........ . 
Bandi ng Procedu re 
Sexi ng 
....... 24 
. ....... ... ... .... .... 26 
....... 26 
... .... 28 
...... . 29 
... .... 30 
2.4.3 Data Collection .. .... .... ... .. .... ... ... .......... ... ........ ... ......... ... .................... ....... ..... ... ..... .. ... . .. . 30 
2.4.3. 1 Nes t Monito rin g. ......... ........ . .......... ......... ...... .... .... . ... ....... ... ... . ..... ....................... 30 
2.4.3.2 Defi nitions .. ...... ...... ........... ... ... ..... ..... ......................... . .. ..... .... .. ... ..... ....... .. ............ ........ .... .. ..... 33 
2.4.4 Weather Data ..................... ........ ...... .... ... .... ...... .... .. ... .... ..... .. . ........ ...... ....................... 35 
2.4.5 Data Analyses ............... .... .... .... ... ........... ....... ..... .... .. .. .... .. ............. ... ... ............. .......... ..... 36 
2.4.5. 1 Sex ing .. ... ..... ..... .... .... .... ............................. ... ..... .............................. ..................... ...... .... ...... ... .. 36 
2.4.5.2 Breedi ng success ........................ ......... ... .... ..... ..... .. .. . . ....... ... ....... ... ....... ...... ..................... 36 
2.4.5.3 Weather Effects .............. ... .. .. ... ..... .... ........ .. .... ......... . .. .... .. ..... ... . ............. ........... ..... ............ .... ..... 38 
2.4 .5 .4 Nest Materia l ... ...... ... .... ....... ............. ..... ....... ....... ..... . ......... ....... . .. ........... .... .... ... ..... ........ .. ......... . 38 
2.5 R ESU LTS ...... . .. .. .... . ... .. . . ... . .... .... .... .. ...... . .. .... ......... .... ....... .. .... .. ...... . . .. ...... .. ... . .. .. ... .. . .. ..... . .. .... ..... 39 
2. 5. ! Banding ... ... ... ............. ...... ....... ..... ...... ...... .... .... .............. .. ............. ... ... ..... ..... .... .. .... ... .... . 39 
2.5.2 Sexing ...................................... .. ....... ........ ....... .... ... ....... ...... .... ... .. ...... ......... ..... .......... ........ 40 
2.5.2. 1 Molecular sexi ng ... .. ........... .... .... ..... ... ... ...... ...................... ......... .... ....... ........ .... ... ... ...... ..... .... .... ... 40 
2.5 .2.2 Weight di ffere nces .... .. .... ................ .............. ... ............ ........... .... .... ... ... ............. ... ... ...... .... ..... .. .. ... 42 
2.5.3 Nesting Attempts .. .... ... ....... .... ......... ..... ..... ..... ........ ...... .... ........ ..... ... ....... ..... ...... ... ... ...... .. .. . 43 
2.5.4 Egg Laying .... .... .... .. .... ... ...... ..... ..... ......... ....... ........... ... .. .. ...... .. ... ....... ... ..... ................. ....... 44 
2.5.5 General nest types .. ..... ......... .... ... ........ .......... ........ .................. .... ............. ..... ........... ... ... .. .. 48 
2.5.6 Breeding Success ......... ....... .. .. ................ ...... ........... ... ... ....... ... .. ..... .. .. .. .. ..... ... ............. ... .... 48 
2. 6 DISCUSS ION .... ...... ........ ........ .......... ....... ........... .. . .. ..... . . ...... .. . .. . ... .. . . ... .... . ... ... .. ... ... ... .. ... .. ... ....... . 51 
2. 6. / Lay Date and Environmental Conditions ..... ....... ........ .. .... ...... .... .... .... .. .... ..... ..... .. ............ . 53 
2. 6.2 Food Availability and Body Condition ......... ........... ... .......... ........... ... ..... .... .... .... ....... ... ... .. 55 
X 
2.6.3 Age, Quality and Reproductive Success .... .. .... .. .. ........ .. .............. .............. .. .. ........ ............. 56 
2.6.4 Nest Type and Site Fidelity .. ............................. .. .................. .. ................ .. ...................... .... 58 
2.6.5 Baseline Data .......................... ... .................. .......... ........... ... ........................... .................. . 60 
2.6.5.1 Body Cond ition ... ...... .. ............ .... .. ........ .... ........... .. ....................................... 60 
2.6.5.2 Banding and Baseline Data .. ..... .. .. .......................................... ................................ .................. ... . 6 1 
2.6.6 Considerations.. ... . ........................ ........ ...... ..................................... . ........... ....... ... ... 62 
2.6.7 Conclusions........... .. .. .. ............................ .. ............ ...... ......................................... 63 
2.7 APPENDIX .... . ..... .... ..... .... .. . .. .. .. . . ... .. ... . .. .. ...... .. ... . ....... . . . ..... . ... .. .. .. .. .. . ...... ... .......... .. . .. ............ . . .. .. 66 
2. 7. J Morphological measurements fi·om little Blue Penguin .............. .. ... ... ... .................. 66 
2. 7.2 Little Blue Penguin band numbers .................................... ............................................. 67 
CHAPTER 3 CAUSES OF EGG AN D CHIC K MORTALITY IN LITTLE BLUE PENGUI NS 
O N TIRITIRI MATANGI ISLAND ....................................................................................................... 71 
3. 1 ABSTRACT ....... ....... ........ ..... ... ........ ..... .. ......... .... ....... ....... .... ....... ... ... ... ... .... ..... ....................... 72 
3.2 INTRODUCTION ... ........ .............. .. ........... ................................... ...... ... ...... ... .... .... ............ .. ..... 73 
3.2. I Risks during incubation...................... .... ...... . .......... .... . ...... .. .. .. ...... .... .. .. 73 
3.2.2 Risks during the Chick Stage ...... .... ............................. . ...... ...................... .. . ..................... 75 
3.3 A IMS .......................................... .................. ..... . .. ...... ......... ......... . .. ....... ...... .. , .............. .......... . .. . 77 
3.4 METHODS ..................................................... ...... .... ... ... ..... ... ...... ...... ...... ....... ............. .... ... ... ... 78 
3.4. l Monitoring.... ... ............ .............. ................................ . ... .... ..... ...... .. 78 
3.4.2 Egg Analysis . . .... . . . . .. . .. ......... .. . .. .. .. ... .... . ... 80 
3.4.2. 1 Embryo Development .................. .. ....................... ................. .. .. ............. .. 80 
3.4.3 Chick Necropsies ..... .... ...... .... .. . .... ... ......... .. .. ............ ... .. .... .... .. ... .. ..... .. ... .. .. ......... . 81 
3.4.4 Data Analvsis ........ .. .. .. ...... .. .. ....... .. .. .................. .. ...... .. ... ..... ..... ... .. .... ... .. .. ..... ..... ........ . 82 
3 .4.4. 1 Nest fai lure .... . ...... ..... .. ..... ... .......................................................... ....................... .......... .. . ...... 82 
3.4.4.2 Egg and chick failure.. . .. . .. ... . .. ........................ ................................................. .. ............. 82 
3.5 R ESULTS .... .. ..... ......... ........... ................ ... ... ............................. ... ......... ....... ................................ 84 
3.5. l Nest Desertion... ..................... ................ .. .... ..... .......... .. ........................... ... .... .. ... 84 
3.5.2 Egg Ana(\'Sis... .... . ................... .... .. .. .... . .. .. ...... ..... ...... ....... .... ..... .... ... ... .... . ... . 86 
3.5.2.1 Egg Propert ies .......... . .. .. .............. .. ........... 87 
3.5.2.2 Incubation Length .. ................................. .. .. .. ............ .................... ............................... 87 
3.5.3 Chick Anafrsis ............ .... ....... ........ 88 
3.6 D1scuss1o 1 ................... .. .. ..... .. .............................. ... .................... . .... .. ........................... .. ....... 90 
3.6. l Survival at the egg stage .. .. .............. .. ....... 92 
3.6.1.1 Incubation. .. ..... 92 
3.6.1.2 Nest type ................... ....... .... .................... .. .. ..... 94 
3.6.2 Chick Survil'al ... 95 
3.6.2. 1 Potential influences of egg dimens ions on chick development ....... 95 
3.6.2.2 Effects of parasites .. .. .... 97 
3. 6. 3 Conclusions.. .. .... .. .. .. ......... .......... .. ... . 98 
CHAPTER 4 FEEDING ECO LOGY ................. ........ ............... ....... ..... ......... ..... ...... ... ... ..... ... ........ IOI 
4.1 ABSTRACT ..... ...... .. ... ...... ... .. . , .... ... .... ...... .. ..... .. .. ... .... ... . . .. .... .. . .. . ... . . ........ .. .. .. .. .... .... ..... .... .. ..... .. . I 02 
4.2 INTRODUCTION ..... .. ... . ... .. . .. ... ... .. ... .. .... .. .. .. .... ... ....... .. . .. .. .... .. .... ....... ......... ..... ........ ........ ... ...... .. 104 
4.2. l Diet Analysis of little Blue Penguins ......... .. .......... ....... 106 
4.2. 1.1 Conventi onal diet analys is of LBP .. I 06 
4.2.1.2 Long term diet analysis using stab le isotope ...................... .. ...... .. ........ .. . I 07 
4.2.1.3 Current study.. .. ...... ............. I 09 
4.3 AIMS .............................. .... ...................................... ........ ............. .. . .......... ..... .. . .... .... . ... . . ..... .... 111 
4.4 M ETHODS .. ... .... ... .. ... .. . .. ... . . . . .. .... ...... .. .. .. .. ... ... ... ...... ........ ....................... ... ... . .... . . ... ... ... .. ... .... . ... 112 
4.4. l General Application...... .... ............ .. ... .. ................... ............. .... .... ........ .. .. ...... .. .. I 12 
4.4.2 Overview.. .. ........................... ...... .. ............ ......... ........ .. .. .... ........ .. ............ .. .... 112 










Stomach Flushing.................. . .... .... ......... ............................ .. .. ................ . .. ........ I 13 
Quantification ofFood Samples ........................... .. ................ .. ........................................... .... . 114 
Bait Fisheries... .. ............................ ...... .. .. ............ ... ........ .......... ........... .. ................ ... .. 115 
isotope Sampling ... .... ... .......... .. ..... ... .... ............ .. ..................... ........... ... ... ... ........ .. ........... 116 
General .................................................................... .......... .... ......... , ................. ....... ....... .. ...... ... .. I 16 
Methods used by NIWA .......... ................... .. .. .. ...... ...... ............ .. .......... ...... .... .. .. .. .............. .... .... . 11 7 
Data Analysis .......... .. ... ....... .... .... .... .. ......... .. ... ...... ........ .. .. .. .. ............ .. ........................... 118 
Food Samples .. .......... ........ . .. .................... ............. .... .... .. .... ....... ............ ................. ......... ... I 18 







Isotope Ana(1-sis ...... .... .. ..... ....... ...... .. ......................... ...... .... ... ... ..... .... ............... .............. . 12 1 
R ESULTS . ... .. ..... ...... ........ .... ............. . .. .. .. ... ..... ..... ... .... .. .... .. .. .. ... ... ... . ........ .. .. ............ ... ...... ....... 123 
Reg111gi1ations ........ ..... ...... .. .. .. ... .... ............. ............ .............. .......... .. ... ........... .. ........... ... . 12 3 
Isotope Sampling .... ........... ....... ..... ...... .. ... .... ... ....................... .. ..... .... .. .. .. ......... ...... ...... .... 127 
4.5.2 .1 Diet Assessment ...... .... .... .. ............... ...... .......... ........ ..... .... ....... ..... .............. ... ..... .. ...... ......... ....... 12 7 
4.5.2.2 Individual Diet Assessment ........ ....... ... .. .. .. ................ .. ...... .. ......... .... ...... ... ... ......................... .... . 128 
4.5.2.3 Trophic levels ....... ...... ........ ...... .......... ..... .......... .......... ..... ... ....... .. .... ........... ....... ......... .. ... ....... .. .. 129 
4.5.2.4 Long term diet change .. .... .. ..................................... ..... ...... ........ .............. ... ... .. .. ... .... ....... .... .. ..... I 3 1 
4.6 DISCUSSION .... ......... ..... .... ......... ... .... ........ .. ....... .. . ... .... ........ .. ... .. .. .... ....... .. .. . ... ... .... .. ... ... .......... 134 
4.6. l The Die1 ofLBP .. ..... .. ... ... .... .. ...... ..... ......... .. ... ... .... ... ..... ... ...... .......... ..... .... ... ... ..... ..... .... 134 
4.6.1.1 Biases associated wi th the convent ional method .... . .... ... ..... ....... .... ...... .. ...... ...... .. .......... .. ........... 135 
4.6. 1.2 Sample sizes ...... ... .. .. .... .. ......... .... ....... .... ..... .. ....... .. ....... ..... ........ . ........ .. ...... ....... .. .. ..... ............. .. 13 7 
4.6. I .3 I. otope signan,rcs and sampling period ...................................... ..... .. ..... .. ........ ... .. ..... .. ..... ..... .... . 138 
4.6.1.4 Application of enrichment \'alues .. ... ..... ... ... ..... ........ .. .. ... ... .. .. .. .. .. .. .. ...... .. ................................... 140 
4.6.1.5 Sampl ing period .... .. ....................................... ... ............. ..... .. .......... ... ... .. ....... ... ... .. ..... ............. .. .. 141 
4 .6.2 Stomach Regurgitations .... .. .... .. ....... ...... ....... ........ ..... .... .......... .. .. .... ............ .................... 143 
4.6.2. I Generalist feeding pattern in LBP .... ........ ........ ........ ........ .. ........ .. ....................... ...................... .. 143 
4.6.2.2 Effect of prey life-cycle ........ ... ... ... .. ..... ... ...... .... ............. .. .. .. ...... .. ........ ..... ...... ... ... ...................... 143 
4 .6. 3 Swble Isotope r/.nalysis ..... ........................ ... ....... ........................ ........ ...................... ... .. ... 146 
4.6.3.1 Annual differences ........................... .... .... ...... ... ..... .... , .... ......... .. ... ... ...... ... ........ .... ..... ... .. ......... .... 146 
4.6.3.2 Foraging range .. ..... .... ..... .... .. ......... .. ... .... .. ................ .............. ..... .. ...... .... ............ .. .. ..... .... ..... .. .... I..\ 7 
4.6.3.3 Competition ....... ..... ...... ...... ...... ...... ..... ... ........ . ......... .... ........ ..... ... ... . ........ .... ..... ... ... .. ... ... ..... ..... 149 
4.6.4 Co11servatiun Management Reco111111e11d,11io11s ................. .. ... ..... ... ..... ..... ... .. .... .. ............ .. / 50 
4.6.5 Cu11clusions ... ............ ...... ....... ............ ... ........... .. .. ........ .... .... .. ... .... ........... .. ... .. .... ... ..... ... .. 154 
4. 7 A PPENDIX .. . ...... .. .... ..... .. ... .... .... ... ... .... ..... .. ..... . .... . ...... . .. ... ...... ..... .. ... ...... ...... .. ... .. .. .. .. ... .. .. ... . .... 156 
4. 7. 1 Total length a11d 1t·eight regression ofa South A/i"ica11 A11chm:1. .. ...... ...... .. .... .. ... .. ......... 156 
4. 7. ] Total length a11d 1rcight regression ofa South A/i·ica11 .~~rctop hid ... ...... .... .. ........ .. ......... 157 
4. 7.3 Comparison of,515N a11d r513C 1'(1/ues .... . .... ........ .. ...... .. .. .. .................................... 158 
4. 7. 4 Precisio11 dma fo r repeal a11aln-is o(urea sw11dards .. .. ... .. ....... ..... .. ... ............................. 158 
4. 7.5 Tmphic le1·elsfor a// _l'ears .. .. ......... .. ... ... .... ..... ..... .... ........... .. ................................. , ......... 159 
4. 7.6 Yearlr 111ea11 dij/ere11cesjor 6' 1Carbo11 \'(//ues ..................... .. .................. .. ... ... .. ...... .. ... ... 159 
4.7.7 Yearlr111ea11di//ere 11cesjur 6'; i1roge111·a/ues ....................................... ..... ... ... ..... .. ...... ! 59 
4. 7.8 Tuwl catc/1esfor co111111ercialjisheries ji"0111 North East Coast areas ofNe1r Zealand .... 160 
C H A PT ER 5 SURV I V AL OF LITTLE BLUE PENGUl~ S ......................................................... 161 
5.1 ABSTRACT ... ..... ... .... .... .. .. ..... .. ................... ...... ..... ..... ................ .... ..... ... .. ..... .... .. ... ..... ........ ... 162 
5.2 INTRODUCTION ... ........ ....... ... ....... ...... .... .... ... .. ....... ......... .... ..... .... .. .. .. ...... ... ........... ... .. ....... .. 163 
5.2. l Monality i11 Seabirds........ .. .. ......... .. ......... .. .... . ........ ..... . .. ........... ... ...... ................ I 63 
5.2.2 Deter111i11i11g Cause ofDeath ........ ....... ..... ...... ....... ... ........... .......... .. .......... .... .. ................ 164 
5.2.3 Sig11i/ica11ce of This Stud_\' .......... .. .. .. .... ... ..... ................ .. ..... .. .... ............. ... .. .. ... .. ............. . 166 
5.3 A IMS ... .... ... ...... .... .. ... .... ... ... .... . .. ... ... .. .. ... .... .. .. .... . ...... . ..... .... ... . ................ .. ..... .... ..... .... . .......... .. 168 
5.4 METHODS .... . .. . . . .. . .... ....... ... ... ... . .. . .... . ... . ... . .. .. ..... . . .. ... .. . . ... ... .. . ............ .... . .... . . .. , .... ... . . .. .... .......... 169 
5.4. I Dead Bird Collectio11 ... .... ...... ... ...... .. ........ .. .............. ... ... ......... ....... ... ...... ... .. .. .............. .... 169 
5.4. 2 Beach Cou111sfro111 Pre1•ious Years ............... .. ........... ..... ..... ............. .................... .. ......... 169 
5.4.3 Deji11itio11s ... ........ .... ... ...... ....................... .. ...... .. ... ... .. ...... ...... .. ........ ..... .. .. .. ................... .. . 171 
5.4.3. 1 Cause of Death ... ............................. .. ............... .... ................................ ................. ... .... .. .... ...... ... I 7 1 
5.4.4 Necropsies .. .... ... .... .. ...... .. ...... ... ...... ... .. .. .. ............ ..... ... .... ......... ...................... .................. 173 
5.4.4. I Preservat ion ...... .. ...... .... ... ..... ..... ... ... ................ .. ........... ........ ..... .............. ............. .. ..................... 173 
5.4.4.2 External Examination .. ... ... .. ....... .... ... .. ... ..... .... ............. .... ....... ... .. ............. .. ... .................. ........... 173 
5.4.4.3 Internal Examination .. ... . .. ...................... .. ..... .. .. ........... ................ .......... .. ... .. ... .. .. .......... .. .......... . 174 
5.4.5 Necropsy Results ... ... .. .. ... ................ ... ... .. ... ... .. .... ...... ....... ... ... .......... .... ..... ............ ........... 178 
5.4.6 Weather Data ........ ....... ... .......... .. .... ................. .. ... .. ......... ...... ..... .... ... .. ........ .. ......... .... ..... 178 
5.4. 7 Data Analysis ............... .. ........ .. .. ......... ....... .............. ....... .. .... .. .... ........ .. .............. .. ........... 179 
5.4. 7. I 2005 and 2006 beach counts ........ .. ..... ........ .... ........ .. .. .. ... ... .. .. ............... ..... ........... ........ ... .... ..... .. I 79 
5.4.7.2 OSNZ data from 1966 to 1999 .. .... ... .... .... ..... ........ .. ... ...... .. .... .... ... ... .. .. ... ... ..... ...... .. ... ... ..... ... ... ... 179 
5.5 R ESULTS .............. ......... ... ... .. ... .... .. ............ . .. .. .. ....... .. ....... ... ........ .. ........ .... ....... .... .. .. ..... . .. ........ 180 
5.5. I Necropsy Findings .......... ..... .. ... .. ... ........... .. ............ ... .... .. ...... ......... .... .. ........... .. ....... .. ...... 180 
5. 5. 2 Cause of Dea th ..... .... ....... .. ... ... ... .. ... .. ......... .... ..... ... ... ..... ... .............. ... ......... ....... .... ...... .... 182 
5.5.2.1 LaboratoryTests ... .... ..... .... .. .. ........ .. ... ... ......... .. ....... .. ......... ... ... ... .. ....... ..... ....... ..... .. ..... ............... 182 
5.5.3 Analysis of Beach Count .......................... .. ............................. .. ..... ... ..... ..... ... ................. 183 
5.5.3 .1 2005-2006 counts .. .. ... .................. .. ...... .................. ...... .... .... .. .. .... .. ......... ........ ..... ... .. .... .. .... .. ...... 183 
5.5.3.2 OS Z data 1966 1999 ................. .... .. .... .. ... ........ .. ... ..... .................... ..... .. ... .. ............................ 185 




















Cause ofDeath in LBP .. ... .... ... ..... ......... .... .. ...... .. .... ... ... ......... ... .... .. ..... ... .... ....... .............. 189 
Patterns ofMortalities ........ .. ... ............. .... .............. ...... ..... ....... ... ................ ... .... ...... .. .... .. 190 
Monthly counts .... . ........ ..... ... ............... ....... ........... ..... ..... ............. ... ................. ..... ....... ........ ... .. 190 
Ann ua l counts ....... ..... ... ..... .. ..... ......... ...... .... ............. ...... ..... ........ ............. ..... ... ... ................... .... 19 1 
inter-Annual Differences and LBP Survival. ... .. ...... ......... ........ ......... .. ............... ..... ..... .... I 91 
Winter ............. .... ........................................... ...... ..... .... ...... ........ ...... ... ..... ... ............... 19 1 
Breeding season ... ....... . ....... ...... ..... ... ....................... ........ ....... ... ........ ........................... .. ... 194 
Post- breedi ng season and moultin g . .... ..... .... ... ........ .. .......... .......... ..................... ..... ...... ..... ... .. 195 
Other Causes ofMonality .. ................... .... .. ... ..... .. .... .. ... .. ... ..... ...... ...... ...... .. ....... ... ...... .. .. / 97 
Asperogi ll is .................... ........... .... ............... ...... ..... ...... .... ... .... ... .... ... ............. .. ... .. ........... . 197 
Predation ... .. .. .. ... ...... ........... .. .. . .. .. ... .. ... ...... .. .... ... . ... . . ......................... ................ ....... ... . 198 
Parasites ... ... .... .. ........... .. ... ......... . .. ......... ...................... ... .. ...... ...... . ..................... 198 
Ectoparasites.. ...... ........ . .............. .. ... .... . ........ ...... .......... ............ ................. 198 
Endoparasi tes. ... .... .. .. .. .. .... . . ....... .. ... ...... ... .. .... ... ................ ...... ...... .................... ....... .... 200 
Other Considerations ......... .. ... .. .. ..... ...... ............ ... ...... ........ .. ..... ... .... .............................. 203 
Mortalities and Population Demographics ........... ... ...... ..... ...... ..... ......... ...... ................... 204 
Conclusions ........................................................... ............ ....... ..... ...... ........ ... .... . ... ........ 205 
THE USE OF LITTLE BLUE PENGU INS AS BIOLOGICAL INDICATORS .. 207 
6.1 G ENERAL SUMMARY ..... .. ....•.... .. .. . ........ .. . ... ... .... ... . .... . .... ... .... ... .. ... .... ... . . .. .. ... . ... ... ... .... .. .. .. ....... 208 
6. 1. I Conclusions .................... ...... .. ....... ..... ..... ... .. .... ... .... .. ..... ............. ..... ........... ....... ... ... ........ 208 
6. 1.2 interrelating Factors ...... .. ..... .... ... ... ... ... .... .. ...... ... ... ..... .............. ..... . ... ..... .... .. ... ...... 209 
6. / .3 Future Reco111111endations ............... ..... ...... ... ...... ... ... ... ..... ... ....... ...... .... ............................ 2 !3 
6. 1. 4 Conclusions .................... .... .................................... ... ... ...... ..... ... ............ ... ... .... ...... .... .... 2 15 
6.2 R EFERENCES - C HAPTER I ... .... ... ..... ... ....... ............. .......... .. ··· ·· ····················· ········· ··· ··· ··· ...... .... 216 
6.3 R EFERENCES - C HAPTER 2 ...... .... ..... ...... ... ...... ..... ........ ................................................ ............ . 220 
6.4 R EFERENCES - C HAPTER 3 ............... .......... ..... .... .. ............. ... ... .... .... ......... .. .. ..... .... ..... ... ..... ..... . 226 
6.5 R EFERENCES - C HAPTER 4 .............. ... .......... ... ... .............. ...... ..... .. ......... .... ... ...... ....... ... ............ 232 
6.6 R ffERENCES - C HA PTER 5 ....... ....... ........ .. ········ ····· ..... ... .... ........... ... . ········ ··· ··········· ··· ···· ··········. 240 
6. 7 R EFERENCES - C HAPTER 6 ....... ............ ... .................... ..... .... ........ ......... ....... .... ... .. .. ... ......... .... .. 248 
6.8 PERMIT ... ...... .. . ... ... .. .. .. ... .. .... ... .. . ... ... .... ... .. ... ... .......... .......... .. .. ... .. ... . .... ............... ... .. . ..... . .. .... ... . 250 
Xlll 
List of Plates 
PLATE 1.1. ADUT LITTLE BLLE PINGUINS .................................................................................................. l 
PLATE 2.1. LITTLE BLLE PENGUIN CHICK ................................................................................................... 17 
PLATE 2.2. STAINLESS STELL BAND ON LITTLE BLUE PENGUIK ................................................................. 29 
PLATE 3.1. LITTU; BLU! Pr NGUIN CHICK ON TiRITIRI MATANGI ISLAND ................................................... 71 
PLAT! 3.2. PHOTOS OF THE E:V1BRYONIC DLVELOPM!NTAL STAGES OF THE LITTLL 8LU! PENGUIN ........... 81 
PLAT! 4.1. A LJTTU BLUE PENGLIN FROM TIRITIRI MATANGI ISLANl) ................................................... 10] 
PL\TE 4.2. REGURGITATION PROUDURF FOR LiTTU BLUE Pf'KiUIN ...................................................... 113 
PLI\TI 5.1. LITTLE BLUE PENGUINS FOUND DEAD ON TIRITIRI MATANGI ISLAND .................................... 161 
PLATE 6.1. MOU LI ING LiTILl BLUE PENGUIN ......................................................................................... 207 
XlV 
List of Figures 
FIG URE 2.1.A) M AP OF N EW Z EA LAND OUTLINING TH E H AU RA Kl G ULF 25 
FIGURE 2.2. LOCATIONS MON ITORED ON TIRITIRI MATANG I I SLAND . ... ... .... ....................... ... ....... ........... ... 26 
FIGURE 2.3. TH E DIFFERENT LITTLE BLUE PENGU IN NEST TYP E CLASS IFICATIONS .. ......... ... ............. ........ .. 28 
FIGU RE 2.4. M EAN WEIGHTS(± SE) OF TH E DIFFERENT LITTLE B LUE PENGU I SEXES AT BAND ING 42 
FIGU RE 2.5. DIAGRAM OF LITTLE B LUE PENGU I NEST SITES FOUND O TIRITIRI M ATANGI ISLAND ......... 43 
FIG RE 2.6. LITTLE BLUE PENGU IN NEST COUNTS ON TIRITIRI M ATA GI I SLAND, EW ZEALAND, ........... 44 
F IGURE 2.7. LITTLE BLUE PENGU IN LAY DATE AND AVERAGE SEA SURFACE TEMPERATURE ..................... . 45 
FIGU RE 2.8. M ONTHLY AVERAG E SST FOR MONTHS BEFORE AND AFTER LAYlt G ................. ........... .. .......... 45 
FIGU RE 2.9. LITTLE B L E PENGU IN LAY DATES .... ... ... ........... ... ....... ...... ... .... .. ... .... ... ... ...................... ... ... ... 47 
FIGU RE 2.10.COMPAR ISO OF THE NEST TY PES ..... .. ....... ............ ..... .. ...... .. ............... ....... ........................ .... 48 
FIG URE 3.1. NEST DESERTION OCCURRED THROUGHOUT THE NESTI NG SEASON ................ .... .. ........ .... .... .. 84 
FIGURE 3.2. NEST DESERTIONS IN RELATION TO WIND SPEED AND RAIN FALL ..................... .......... ... ....... .... 85 
FIGURE 3.3 . COM PARI SON OF TH E DIFFER ENT INCU BATION LENGTHS (± SE) ..... ... ... .... ... ....... ... .. ... ... ..... ..... . 88 
FIGURE 4.1. DRAWINGS OF LEFT A D RIGHT OTOLITHS FROM FISH SPEC IES ..... .. ... ... .... .... ... ... ..... ......... ..... 120 
FIGURE 4.2 . UMBER OF PR EY SPEC IES IN STOMACH SAMPLES . ....... ............ ... ... ................................... .... 124 
F IGURE 4.3. COMPAR ISON OF TH E ISOTOPE MEA 1S .... .... .. ..... ............. ..... .. .. ... ...................................... ..... 127 
FIGU RE 4.4. STABLE ISOTOPE JG ATU RES FOR 2004 A D 2005 . ... .. .... ...... ............................................ ... 128 
FIGU RE 4.5 . STABLE ISOTOPE MEAS REME TS FROM REGURGITATED LITTLE BLUE PE GUI ..... .. .... ... ... 129 
FIGURE 4.6 . A) 15NJTROGE & B) 13CARBO ................................................................ .. .. .. ... ... ... ... ..... ... 13 2 
FIGU RE 4 .7 . COMPARISON OF THE DIFFER ENT YEARLY STABLE ISOTOPE VA LUES . .... ........ ...... .................. 133 
FIGU RE 5. 1 DI FFERENT SECTIONS OF NEW Z EALAN D USED BY THE ORNITHOLOG ICAL SOCIETY OF NEW 
ZEALAND (OS. Z) FOR BEACH PATROLS .............................. ... ... ..... .... .. .... .. ....... ... .... .. ..... ... ........ ..... 170 
FIG RE 5.2 DIAGRAM OF T HE INTER AL ORGANS OF A LITTLE B LUE PENGU IN .... ............. .................... .. . 175 
FIGURE 5.3. DIAGRAM OF A FEMALE LITTLE B LUE PENGU IN .. ...... ... .. ..... .. ... .. ..... .. ....... ........................... .. 177 
FIGU RE 5.4 D EAD PENGU INS FOUND IN AND CLIMATE PETU RBJ\TIONS ..... ........ ... ..... ...... ..... .. ......... ........... 184 
FIGURE 5.5. D EAD PENGU IN COUNTS AROUN D NEW ZEALAN D . .................................................................. 186 
F IGURE 5.6. STANDARDI SED TOTALS OF DEAD PENGUI SA D SOUTHERN OSCILLATION ........................ 186 
FIG RE 5. 7. D EAD PENG I COUNTS AND SEA RCH EFFORT .. .......................................... .... ... ....... ... ... ..... .. 187 
FIGURE 5.8 T OTAL LITTLE BLUE PENGU IN BEAC H COUNTS /\RO r D NEW ZEALAND ................ ..... ..... .... .. 188 
FIGU RE 6. 1. SCHEMATIC FLOW DIAGRAM OF THE LINKAGES BET\-\'LEN MARINE AND TERRESTR IAL 
ENVIRONMENTAL PA RAMETERS .. ... ...... ............ ... ..... ........ ..... ..... ... ... .... .... .. .. ....... .. .... ...... ......... ......... 210 
xv 
List of Tables 
TABLE 1.1 . lUCN RED LIST .......................................................................................................................... 6 
TABLE 2 . 1. D ESCRIPTION OF TH E MORPHOLOGICAL M EASU REMENTS ......................................................... 33 
T ABLE 2.2 D EFI NITIONS USED FOR CA LCULATING THE DIFFERENT STAGES OF SUCCESS .......... ... ....... .. .... ... 38 
TABLE 2.3. N UMBER OF LITTLE BLUE PENGU IN BANDED IN PREV IOUS YEARS ON TIRITIRI M ATANGI 
ISLAN D, NEW Z EALAN D .... ................................................................. ................. ..... .... .......... ......... .. .. 39 
T ABLE 2.4. MORPHOLOG ICAL MEAS REME TS OF LITTLE BLUE PENGU INS .. ................................ .. ........... 40 
T ABLE 2.5.THE DISCRIMINANT FU CTION (OF) ESTIMATES MALE A D FEMALE ......................................... 41 
T ABLE 2.2. CALCULATIONS OF LITTLE BLUE PENGU IN BREED! G SUCCESS .................... ... .. ....................... 49 
T ABLE 2.3. CATEGORICAL DATA MODELLING ...................................................................... .... ....... ... .. ....... 50 
T ABLE3 .I.COM PAR ISO OF TH E FAILUREOUTCOMESOF LITTLE BLUE PENG I EGGSA DCHICKS .. .. ..... 86 
T ABLE 3.2. COMPARISO OF SAM PLE UMBER OF I ESTS ...... .................... .... .... ......... .............. .................. . 86 
TABLE 3 .3. COMPARISON OF LBP EGG DIMENS IONS(± SE) BETWEEN YEARS AN D BETWEEN SUBSPECIES .. 87 
T ABLE 4.1. TH E NUM BER (N) OF ANALYSED LITTLE BLUE PENGU I FOR DI ET ANALY SIS .... .......... .......... . 11 6 
T AB LE 4.2. M EA (± SO) WET WEIGHT (G) OF STOMACH SAM PL ES .......... .. .. .. .. .. .......... .... .... ..................... 123 
T AB LE 4 .3. PROPORTION OF THE MAIN PR EY TYPES WITH IN TH E TOTAL NUMBER OF SAMPLES .................. 124 
T ABLE 4.4. I NDIVIDUAL COUNTS AN D TH EI R PROPORTI ONS OF TH E TOTAL NUMBER OF AMPLES .... ..... ... . 125 
TABLE 4.5. CALCULATIONS OF TH E FOO(%) A D RO (%) OF ALL SPEC IES ............................................. 125 
T ABLE 4.6. TH EN MBER OF STOMACH SAMPLES ( ) CO TAINI GEACH FISH TYPE ... ....... .... ..... ...... .. ...... . 126 
T ABLE 4.7. TROPHIC LEVEL COMPARISON COVER ING 120 YEA RS ......... .. ...... .. ..... ........ ..... .. .. ..... .. ....... ..... .. 130 
T ABLE 5.1 FR ESHNESS LEVELS AND DEFINITIONS USED FOR CLASS IFY ING DEAD LITTLE BLUE PENGU IN. 171 
T ABLE 5.2 AG E OF LITTLE BL E PENG IN FOUND DEA D O TIRITIRI M A TANG I ISLA D A t D OTHER 
H AU RA KI REG IONS REFERS TO TOTAL SAM PLE SIZE FOR EAC H /\GE GROU P ................. .. .... ................ 18 1 
T ABLE 5.3 LI VE AN D DEAD WE IGHTS OF MALE AN D FEMALE LBP ...................................... ... ................... 18 1 
T ABLE 5.4 PARAS ITES FOU D ASSOC IATED WITH LITTLE BLUE PE G IN ........ .. ....................................... 183 
XVI 
